Abstract. An effective method is developed to detect the position of nonlinear components in periodic structures. The detection procedure requires exciting the nonlinear systems only once by using a sinusoidal-like input which has two frequency components with one frequency considerably smaller than the other. The effectiveness of this method is demonstrated by numerical study. As the position of a nonlinear component often corresponds to the location of defect in periodic structures, this new method is of great practical significance in fault diagnosis for mechanical and structural systems.
Introduction
Periodic structures are defined as structures consisting of identical substructures connected to each other in an identical manner. Real life systems which can be modelled as finite or infinite, onedimensional or multi-dimensional periodic structures range from the simple structures like periodically supported beams and plates to building block [1] . The free and forced vibration and the modal analysis for linear periodic structures are of particular interests. Attentions had also been paid to the study of nonlinear periodic structures [2] . In engineering practice, there are considerable periodic structures that behave nonlinearly just because one or a few components have nonlinear properties, and the nonlinear component is often the component where a fault or abnormal condition occurs. One of the well known examples is beam structures [3] with breathing cracks. Therefore it is of great significance to effectively detect the position of nonlinear components in a periodic structure. The detection of damage in large periodic structures had been studied by Zhu and Wu [4] .
Based on the Volterra series theory, Lang et al [5] have put forward a new concept -Nonlinear Output Frequency Response Functions (NOFRFs), which are one-dimensional functions of frequency and allow the analysis of nonlinear systems to be implemented in a manner similar to the analysis of linear systems. In this paper, a novel method is derived based on the NOFRF concept to detect the position of the nonlinear component in periodic structures. 1 To whom any correspondence should be addressed.
Nonlinear Output Frequency Response Functions
The definition of NOFRFs is based on the Volterra series theory of nonlinear systems. Consider the class of nonlinear systems which are stable at zero equilibrium and which can be described in the neighborhood of the equilibrium by the Volterra series
where x(t) and u(t) are the output and input of the system, ) ,..., ( h n 1 n τ τ is the nth order Volterra kernel, and N denotes the order of the Volterra series. The output frequency response of this class of nonlinear systems can be explicitly expressed [6] as 
which is similar to the description of the output frequency response for linear systems. The NOFRFs reflect a combined contribution of the system and the input to the system output frequency response behaviour. Figure 1 . A multi-degree freedom oscillator with locally nonlinear component. where P is the degree of the polynom
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, in most cases, given ω Δ << ω the following relationship is tenable
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The relationships given in (30) and (31) provide a simple way to detect the position of nonlinear onents in the nonlinear system (10). Obviously, for all the masses where and is imposed at the sixth mass, that is J = 6. A urth-order Runge-Kutta method is used to obtain the forced response of the system. Fig. 2 shows the ourier spectrum of the response of the first mass where the components marked with text arrows are the three components th the ocedure. Table 1 gives the values of the three interested frequency components of all the masses, and the and are given in Table 2 . Obviously, at i = (1, 2, istinct advantage of this method is that it only needs the test data under one sinusoidal-like force, which can be readily carried out in practice. Since the positions ponents in periodic structures often correspond to the location of faults, is at i = (4, 5). According to the proposed method, it can be known that the component on the right side of the 4 th mass is the nonlinear one, that is, the 5 th spring component.
Conclusions and Remarks
Based on the properties of NOFRFs, a novel method has been developed to detect the position of the nonlinear component in periodic structures. The detection procedure requires exciting the nonlinear systems only once by using a sinusoidal-like input which has two frequency components with one frequency considerably smaller than the other. A numerical study has been performed to demonstrate the effectiveness of this method. The d of the unusual nonlinear com the nonlinear component position detection method is of practical significance in the fault diagnos for mechanical and structural systems.
